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ABSTRACT

The Cretaceous/Paleogene boundary (K/Pg) has been studied in great detail
because of the fascination most people have with the extinction of the dinosaurs. The
response of the vegetation to this extinction event has been studied in detail in mid to
high latitudes, but little is known about what happened in the tropics. Sixty-seven
samples from the Nsukka and Imo formations in the Alo-1 well in the Anambra Basin,
southeastern Nigeria have been studied for their palynological contents. The aims of the
study was to use spores, pollen and dispersed organic matter components to interpret
biostratigraphy, and evaluate depositional conditions across the K/Pg boundary. A
preliminary assessment of floral changes has also been made. Spore and pollen data
indicates that the K/Pg boundary is located within the 1207 m – 1311 m depth interval in
the Nsukka Formation. This boundary was identified using the last appearance datum
(LAD) and first appearance datum (FAD) of key identified species, such as the LAD of
Buttinia andreevi, and the FAD of species of Mauritiidites. Ten potentially new species
have been identified and described in detail. Minimum variance cluster analysis of nine
types of dispersed organic matter defined three palynofacies assemblages (A, B, and C)
and nine sub-assemblages (three per assemblage). Comminuted phytoclasts, structured
phytoclasts and amorphous organic matter apparently define these assemblages.
Palynofacies data indicates a strong terrestrial influence during the deposition of the
Nsukka Formation (prodelta) and the Imo Formation (shallow shelf). Influx of terrestrial
components due to several factors controlling the amount of freshwater runoff into the
basin, such as basin shape and circulation cell, overwhelmed marine components
(dinoflagellate cysts, amorphous organic matter) preserved in the sediments.
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1. INTRODUCTION

Luis Alvarez and colleagues proposed that an extraterrestrial object struck the
Earth at the end of the Cretaceous period 65 million years ago, causing a mass extinction
event recorded at the Cretaceous/Paleogene (K/Pg) boundary (Alvarez et al., 1980). This
impact event would have affected plant and animal life both initially and in the longterm. Shock waves, tsunamis, and forest fires are all examples of initial effects caused by
the impact event, and the most damaging long-term effect would have been climate
change due to the large amount of dust blasted into the atmosphere (Nichols and Johnson,
2008). Sixty to eighty percent of all living species on Earth became extinct after this
event, but overall, plant populations experienced extinction rates around 30 percent, with
a significant drop in abundance in species that cross the boundary (Traverse, 2007). The
majority of K/Pg boundary palynological studies (both marine and terrestrial) from
around the world have focused on mid and high latitude locations, but relatively few
studies in the tropics have been published.
Palynology is a valuable tool used in many branches of the natural sciences.
Correlation and relative age dating of strata, paleoecology, paleoclimate, and
paleobiology are examples of some of its many applications. Pollen, spores, acritarchs,
algae, chitinozoans, scolecodonts, and dinoflagellates are examples of palynomorphs or
organic-walled microfossils. The palynological record for this study is obtained using
samples from the Alo-1 well in the Anambra Basin, Southeastern Nigeria, drilled by
Shell Nigeria in 1976 (Figure 1.1). Although the Alo-1 well samples contain terrestrial as
well as marine palynomorphs, this study will focus only on the terrestrial palynomorphs
(pollen and spores) and dispersed organic matter. Palynofacies is a branch of palynology
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that uses dispersed organic matter in the sediment or rock to reconstruct
paleoenviromental conditions. The types and amounts of marine organic components
(e.g., dinoflagellates, acritarchs, amorphous organic material) and terrestrial components
(e.g., sporomorphs, fungal remains, phytoclasts) are used for interpretation. Multivariante
statistical programs, such as cluster analysis and principal components analysis, are used
for interpreting and identifying palynofacies assemblages. Sediments in the Alo-1 well
are Maastrichtian to Paleocene in age.

Figure 1.1. Location of Alo-1 well in the Anambra Basin, Southeastern Nigeria.

The objectives of this study are the: 1) taxonomical identification of pollen and
spores in the Alo-1 samples; and 2) identification of the K/Pg boundary and evaluation of
the floristic changes across the boundary for the Anambra Basin.
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2. GEOLOGIC SETTING

2.1. TECTONICS
The Anambra Basin, southern Benue Trough, Niger Delta, Benin Embayment,
Abakaliki Fold Belt, Afikpo Syncline, and Calabar Flank all comprise the Southern
Nigeria sedimentary Basin. The basin extends from the Gulf of Guinea in the south to the
Zambuk Ridge and Upper Benue Valley in the north. To the east and west, the Volta
River Delta and the Sanaga River Delta bound the basin (Murat, 1972 in Antolinez,
2006). The formation of the Southern Nigeria Sedimentary Basin is directly connected to
the rifting of South America and Africa in the Early Cretaceous (Burke et al., 1971;
Burke, 1996). The site of the current Niger Delta was once occupied by a rift, rift, rift
triple junction. Two of the rift arms spread and formed the Gulf of Guinea and the
Equatorial Atlantic. The third rift arm became an aulacogen (the Benue Trough) that
formed the tectonic foundation for the Southern Nigeria Sedimentary basin. The Benue
Trough runs transversely across Nigeria in a NE-SW direction (Burke et al., 1971;
Reijers et al., 1997).
Vertical movements along the landward continuations of the Chain and Charcot
oceanic fracture zones initiated the Benue Trough, and later controlled the position of the
main axis of subsidence of the Niger Delta (Fig. 2.1). The Benin Hinge Line corresponds
to the Chain Fracture Zone in the western Niger Delta, and the Calabar Flank, in the
eastern portion of the delta, is much more complicated with NE-SE trending structures
(the Ikang Trough, the Ituk High, and the Calabar Hinge Line). Deformation of the
Benue Trough and the modification of the Gulf of Guinea continental margin were
caused by sinistral transcurrent shearing along the fracture zones. The sedimentation
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within the Benue Through was mainly in sub-basins like the Gongola, Yola, Abakaliki,
Afikpo, Anambra, and Niger Delta (Reijers et al., 1997).

Figure 2.1. Megatectonic frame of Southern Nigeria Sedimentary Basin (Mid-Albian to
Santonian). Inset shows the regional setting of the basin (from Reijers et al., 1997).

The axis of the Benue Trough shifted during three tectonic phases: (1) the
Abakaliki-Benue phase, (2) the Anambra-Benin phase, and (3) the Niger Delta phase.
The Abakaliki-Benue phase (Albian – Santonian) began during the middle Albian after
major NE-SW movements caused the faulting that resulted in the rift-like AbakalikiBenue Trough. Shelf sediments were deposited on the Anambra Platform, between the
Calabar and Benin hinge lines and the Abakaliki-Benue Trough (Fig. 2.1). During the
Anambra-Benin phase (Campanian – Middle Eocene), compressional movements along
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the NE-SW trend produced folding and uplift of the Abakaliki-Benue Trough and the
formation of the Anambra Basin. The Niger Delta phase (Late Eocene – Pliocene) is
characterized by vertical movements of blocks bounded by NE-SW and NW-SE trending
faults, which resulted in the deposition of large deltaic complexes in the down-dip
Anambra Basin (Murat, 1972).

2.2. STRATIGRAPHY AND SEDIMENTOLOGY
Sedimentation within the Anambra Basin consists of deltaic complexes (2500 m
thick) ranging from the Late Cretaceous to Late Eocene in age. Two major transgressions
occurred within the basin resulting in the Nkporo depositional cycle during the Late
Campanian to Early Maastrichtian, and the Sokoto depositional cycle during the Late
Maastrichtian to Late Paleocene (Reijers et al., 1997). The sandstone formations that
make up the Nkporo cycle are the Agbani, Owelli, and Mamu-Ajali.

The Ajali

Formation marks the height of the regression before the beginning of the Sokoto
depostional cycle.

The Enugu Shale and Nkporo Shale sequences between the

sandstones represent brackish marsh and fossiliferous pro-deltaic facies, respectively.
The Nsukka Formation marks the beginning of the Sokoto cycle, and is interpreted to be
a fluvio-deltaic phase of deposition. This cycle ended with the deposition of the Imo
Shale, which is interpreted to be shallow-marine shelf sediments. The deposition of the
Ameki Group and its laterally equivalent Nanka Formation represents the start of the
Eocene regression. The Nsukka and Imo formations are the focus of the Alo-1 well study.
The shape, closeness of sediment source areas, transgression and regression cycles, and
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paleocirculation patterns are all factors that had major impact on the deposition patterns
in the Anambra Basin (Reijers et al., 1997)
The base of the Nsukka Formation is coarse to medium-grained sandstone and it
grades into well-bedded blue clays, fine-grained sandstones, and carbonaceous shales
with thin bands of limestone (Reyment, 1965; Oboh-Ikuenobe et al., 2005). Blue-grey
clays and shales and black shales with bands of calcareous sandstone, marl, and
limestone characterize the Imo Formation. The shales are potential hydrocarbon source
rocks in the eastern part of the Niger Delta due to their significant amount of organic
matter (Reijers et al., 1997) (Figure 2.2.).

.
Figure 2.2. Summary of stratigraphic data of the Anambra Basin (from Oboh-Ikuenobe et
al., 2005).
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3. LITERATURE REVIEW

The first part of this section will focus on information known about the
Cretaceous/Paleogene boundary. The second part will provide an overview of prior
palynological studies that focus on pollen, spores, and particulate organic matter from
tropical regions. Lastly, previous studies on the Alo-1 well will be reviewed.

3.1. OVERVIEW OF THE CRETACEOUS/PALEOGENE BOUNDARY
The Cretaceous/Paleogene mass extinction event that occurred around 65 million
years ago is the best known and well studied of all the mass extinctions due to the
disappearance of the dinosaurs. There were many theories developed to explain the
event, such as an epidemic of volcanoes, but in 1980, Physicist Louis Alvarez and his
Geologist son Walter proposed a meteorite impact as the cause of mass extinctions.
Their data showed a spike in the amount of iridium in rock layers dated from the
Cretaceous/Paleogene boundary in Gubbio, Italy (Alvarez et al., 1980). Iridium is an
extremely rare element on Earth but it is abundant in meteorites. Subsequent studies
have also found the same elevated values of iridium at the boundary in other locations.
Other evidence of an impact event, such as shocked quartz, microspherules, and
microscopic diamonds, were found at the boundary, thereby corroborating the theory.
The impact crater was discovered in 1991 on the Yucatan Peninsula, Mexico. The
Chicxulub crater is about 200 kilometers in diameter, and it is estimated that the
meteoroid that created the crater must have been around 10 kilometers in diameter
(Nichols and Johnson, 2008; Traverse, 2008; Stanley, 2009).
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The initial consequences of the impact are believed to have been forest fires,
tsunamis, and shock waves that would have devastated the area surrounding the impact
site. The long-term effects of a catastrophic impact event are not fully understood, but
there are several consequences that are attributed to the event. These include perpetual
night, global refrigeration, heat from the settling dust, delayed greenhouse warming from
aerosols, sudden greenhouse warming from the release of carbon dioxide, and acid rain
(Stanley, 2009). The worldwide extinction average for this event is sixty to eighty
percent of all species, making it one of the five largest mass extinctions in Earth’s
history. Plants species experienced extinction rates of around thirty percent.
Characteristic changes in the flora (e.g., fern spike, extinction of species) have been
documented and used to identify the K/Pg boundary in geologic studies (Traverse, 2007).

3.2. TROPICAL CRETACEOUS/PALEOGENE BOUNDARY STUDIES
Cretaceous-Paleogene palynological studies in West Africa generally have
focused on either biostratigraphy or taxonomy. Taxonomic studies include those of Van
der Hammen (1954), Potonié (1956), Boltenhagen (1965), Van Hoeken-Klinkenberg
(1964, 1966), Van der Hammen and Wymstra (1964), and Salard-Cheboldaeff (1978,
1979). Salard-Cheboldaeff (1990) compiled the names, last appearance datum (LAD),
and first appearance datum (FAD) of all taxa that had been identified in intertropical
Africa.
Germeraad et al. (1968) generated the most commonly used palynological
zonation for West Africa alongside zonations for tropical South America, the Caribbean
and Borneo (Southeast Asia). Later publications by Regali et al. (1974), Muller et al.
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(1987), El Beialy (1998), and Jaramillo and Dilcher (2001) have provided improved
taxonomic and biostratigraphic resolution for the Neotropics.
There have been very few tropical paleoecological studies. De la Parra et al.
(2008) gave estimates of a 70% plant extinction rate across the K/Pg boundary in
Neotropics, which is much larger than the standard 30% estimate generated from high to
mid latitudes.

3.3. PREVIOUS BIOSTRATIGRAPHIC RESEARCH IN THE STUDY AREA
The biostratigraphy of ALO-1 is mainly based on palynology. Shell Petroleum
Development Company of Nigeria performed the initial biostratographic study in 1976.
They identified two pollen zones, P200 and P100. Their tops are located at 274 m and
622 m, respectively. The P200 zone corresponds to the Late Paleocene (Evamy et al.,
1978) and the P100 zones appears to correspond to the Maastrichtian to Early Paleocene
(Figure 3.1).
Four informal dinoflagellate cyst (dinocyst) zones (A to D) were identified in the
interval 878 m to 1694 m. Ages were assigned to the four zones using stratigraphically
significant dinocyst taxa. The zones A to C were assigned an Late Maastrichtian age and
zone D was assigned a Early Paleocene (Danian) age (Willumsen et al., 2004) (Figure
3.1.). Antolinez (2006) used last appearance and/or last abundance events of dinocysts to
identify four informal zones (B to E) in the upper 800 meters of the Alo-1 well. Since his
study did not extend to the lower portion of the well, the base of Zone E (Danian) was
unknown. He also used the extreme abundance of Apectodinium to recognize the global
latest Paleocene-Early Eocene global warming event. Antolinez et al. (2007) further
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identified six new dinocyst species and one species recombination in the uppermost 800
m of the well (uppermost Nsukka Formation and Imo Formation).

Figure 3.1. Summary of biostratigraphic and lithologic data for Alo-1 well. Sand
percentage profile was constructed from sand versus shale data provided by Shell
Petroleum (1976).
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4. MATERIALS AND METHODS

The samples used for this study are from ditch cutting samples from the Alo-1
well in the Anambra Basin, which was drilled by Shell Petroleum Development
Company of Nigeria in 1976. Forty-eight horizons in the well were sampled at 50 to 60
meter intervals. In addition, 19 supplementary samples were processed to reduce interval
spacing in the upper 760 meters. Table 4.1 lists all the samples analyzed in this study.

Table 4.1. List of samples and sample depths in Alo-1 well. The prefixes R and B
represent sampling batches processed at different times.
Depth (m)
54.9
73
91.4
109.7
146.3
164.6
182.9
201
219.4
237.7
256
274.3
292.6
329.2
365.8
384
402.3
438.9
457.2
475.5
493.7
530.3
548.6

Sample # Depth (m)
R-1134-2
566.9
B-11286
585.2
B-11287
603.5
R-1134-3
621.8
B-11288
658.4
R-1134-4
676.6
B-11289
695
B-11290
713.2
R-1134-5
731.5
B-11291
768.1
B-11292
823
R-1134-6
877.8
B-11293
932.7
R-1134-7
987.6
B-11294
1042.4
R-1134-8
1097.3
B-11295
1152.1
R-1134-9
1207
B-12270
1255.8
B-12271
1310.6
R-1134-10 1365.5
B-12272
1420.4
R-1134-11

Sample # Depth (m)
B-12273
1475.2
B-12274
1530
R-1134-12
1585
B-12275
1639.8
R-1134-13
1694.7
B-12276
1749.5
B-12277
1804.4
R-1134-14
1859.3
B-12278
1914.1
R-1134-15
1969
R-1134-16
2023.9
R-1134-17
2078.7
R-1134-18
2133.6
R-1134-19
2188.5
R-1134-20
2243.3
R-1134-21
2298.2
R-1134-22
2353
R-1134-23
2407.9
R-1134-24
2462.8
R-1134-25
2517.6
R-1134-26
2572.5
R-1134-27
2621.3

Sample #
R-1134-28
R-1134-29
R-1134-30
R-1134-31
R-1134-32
R-1134-33
R-1134-34
R-1134-35
R-1134-36
R-1134-37
R-1134-38
R-1134-39
R-1134-40
R-1134-41
R-1134-42
R-1134-43
R-1134-44
R-1134-45
R-1134-46
R-1134-47
R-1134-48
R-1134-49

Samples were processed using standard palynological processing techniques of
digesting sediment in hydrochloric and hydrofluoric acids, and separation of the organic
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residue using heavy liquids (zinc bromide). A portion of the organic residue were then
oxidized with Schultze solution (KClO3 plus HNO3), and screened through a 10µm sieve.
Oxidized and unoxidized organic residues were strew-mounted on separate slides for
study. The unoxidized fractions, informally called “kerogen,” were used for palynofacies
analysis because they did not undergo either oxidation or sieving, which could have
removed or altered the non-palynomorph organic matter (Traverse, 2007).
Transmitted light microscopy was used for routine analysis. A minimum of 300
palynomorph specimens was counted in productive slides. These productive slides were
scanned further and additional palynomorphs identified were omitted from the counts
noted. Published literature, online and archived databases were used for identifying
specimens to the species level whenever possible. The data was used to generate a
distribution chart that was used to identify the last appearance datum (LAD) and first
appearance datum (FAD) for important species. Published species ranges were used to
evaluate the location of the K/Pg boundary (Salard-Cheboldaeff, 1990).
For palynofacies analysis, 300 specimens of dispersed organic matter were point
counted. There were nine categories of dispersed organic matter identified in this study.
These are (1) sporomorphs (pollen and spores), (2) marine palynomorphs (dinocysts,
acritarchs, and foramineral test linings), (3) black debris/opaques, (4) fungal remains
(spores, hyphae, mycelia), (5) freshwater algae, (6) structured phytoclasts, (7)
comminuted phytoclasts, (8) degraded phytoclast, and (9) amorphous organic matter
(AOM). Cluster analysis classifies information into groups based on the relatedness of
the data. Cluster analysis was used alongside principal components analysis to interpret
the palynofacies data.
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5. RESULTS

5.1. INTRODUCTION
Palynomorph recovery in the Alo-1 well varies from poor to excellent, and
preservation is generally good. However, fewer specimens are present in samples from
the lower part of the well and they show higher levels of degradation. Marine
dinoflagellate cysts are present in the samples, but they were not the focus of this study.
Taxonomical identification was preformed to genera and species levels where possible.
Forty-five spore and one hundred and sixty-one pollen taxa were identified. Several of
these taxa are illustrated in Plates 1 to 5 (Appendix A), while Appendix B contains the
absolute counts of the pollen and spores. Taxa that were identified but not counted can be
found in Appendix C.

5.2 SYSTEMATIC PALEONTOLOGY
This section describes biostragraphically and/or environmentally important taxa
and potentially new species, some of which are listed in Table 5.1. Pollen and spore
terminology of Punt et al. (2006) has been used for description.
Spores

Genus: Camarozonosporites Pant ex Potonié, 1956
Type Species: Camarozonosporites cretaceus (Weyl. and Kr.) Potonié, 1956
Camarozonosporites sp. A, Plate 1, figures 3 and 4

14
Description: Single, radial symmetry, triangular-obtuse-convex, trilete, margo present,
commissure straight, curvature absent, 1-layered, large rugulate on distal side, laevigate
on proximal side, interradial crassitude.
Dimensions: Equatorial diameter 60-65 µm, interradial crassitude varies from 5 µm to 1.5
µm thick, margo 4-3 µm thick, radius 22-20 µm long.
Specimens measured: 3.

Table 5.1. List of important spore and pollen taxa identified in this study.
SPORES
Balmeisporites minutus Brenner, 1968, Plate 1, figure 1
Camarozonosporites sp. A, Plate 1, figure 2, 3
Echitriletes sp. A, Plate 1, figure 4, 5
Laevigatosporites sp. 1, Plate 1, figure 6
Leiotriletes sp. 1, Plate 1, figure 7
Matonisporites sp. 2, Plate 1, figure 8
Psilatriletes sp. 1, Plate 1, figure 9
Thecapora spinosa Elsik, 1966, Plate 1, figure 10
POLLEN
Buttinia andreevi Boltenhagen, 1967, Plate 2, figure 1
Clavainaperturites sp. A, Plate 2, figure 2, 3
Crototricolpites protoannemariae Jaramillo and Dilcher, 2001, Plate 2, figure 4
Echitricolpites sp. A, Plate 2, figure 5, 6
Echitriporites trianguliformis Van Hoeken Klinkenberg, 1964, Plate 2, figure 7
Horniella lunarensis Jaramillo et al., 2007, Plate 2, figure 8
Inaperturopollenites sp. A, Plate 2, figure 9, 10
Longapertites microfoveolatus Adegoke and Jan du Chene, 1975, Plate 3, figure 1
Longapertites sp. A, Plate 3, figure 2, 3
Longapertites vaneendenburgi Germeraad et al., 1968, Plate 3, figure 4
Mauritiidites crassibaculatus Van Hoeken-Klinkenberg, 1964, Plate 3, figure 5
Mauritiidites franciscoi var. franciscoi (Van der Hammen, 1956) Van Hoeken-Klinkenberg, 1964, Plate 3,
figure 6
Mauritiidites franciscoi var. minutus
Van der Hammen and Garcia, 1966, Plate 3, figure 7
Monoporopollenites annulatus (Van der Hammen, 1954) Jaramillo and Dilcher, 2001, Plate 3, figure 8
Periretisyncolpites magnosagenatus (Van Hoeken-Klinkenberg, 1964) Kieser and Jan du Chene, 1979,
Plate 3, figure 9
Proxapertites sp. A, Plate 4, figure 1, 2
Proxapertites sp. B, Plate 4, figure 3, 4
Retidiporites magdalenensis Van der Hammen & Garcia, 1966, Plate 4, figure 5
Retimonocolpites nigeriensis Van Hoeken-Klinkenberg, 1966, Plate 4, figure 6
Spinizonocolpites cf. breviechinatus Muller, 1968, Plate 4, figure 7
Spinizonocolpites baculatus Muller, 1968, Plate 4, figure 8
Syncolporites sp. A, Plate 4, figure 9, 10
Triporopollenites sp. A, Plate 5, figure 1, 2
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Genus: Echitriletes Potonié, 1965
Type Species: Echitriletes lanatus (Dijk.) Potonié, 1965
Echitriletes sp. A, Plate 1, figures 5 and 6
Description: Single, radial symmetry, circular, trilete, perfect curvature, commissure
straight, 1-layered, echinate with bifurcation at the end of most echinae, echinae cover the
entire spore.
Dimensions: Equatorial diameter 40-45 µm, radius 12-15 µm long, echinae 3-1.5 µm
long and 2-1 µm wide, bifurcate echinae tips 1 µm long and wide.
Specimens measured: 3.

Genus: Laevigatosporites Ibrahim, 1933
Type Species: Laevigatosporites vulgaris Ibrahim, 1933
Laevigatosporites sp. 1, Plate 1, figure 7 and 8
Description: Single, bilateral symmetry, elliptic, monolete, imperfect curvature,
commissure straight, margo present, 1-layered, laevigate.
Dimensions: 42-46 µm long 25-35 µm wide, laesura 20-25 µm, margo 3-2 µm thick.
Specimens measured: 4

Genus: Leiotriletes Naumova, 1939 ex Ishchenko, 1952
Type Species: Leiotriletes sphaerotriangulus Potonié and Kremp, 1954
Leiotriletes sp. 1, Plate 2, figures 1 and 2
Description: Single, triangular obtuse convex, curvature absent, trilete, commissure
curved, 1-layered, slight margo, laevigate.
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Dimensions: Eguatorial diameter 25-50 µm, sporoderm layer 1 µm thick, margo 0.5-1
µm thick, radius 10-18 µm.
Specimens measured: 3

Genus: Matonisporites Couper, 1958
Type Species: Matonisporites phlebopteroides Couper, 1958
Matonisporites sp. 2, Plate 2, figures 3 and 4
Description: Single, radial symmetry, triangular obtuse convex, imperfect curvature,
trilete, slight margo present, commissure straight, 1-layered, laevigate.
Dimensions: Equatorial distance 80-85 µm, sporoderm layer 3-4 µm thick, margo 0.50.75 µm thick, radius 20-25 µm long.
Specimens measured: 3

Genus: Psilatriletes Van der Hammen, 1954 ex Potonié, 1956
Type Species: Psilatriletes detortus (Weyl. and Krieg.) Potonié, 1956
Psilatriletes sp. 1, Plate 2, figures 5 and 6
Description: Single, radial symmetry, triangular obtuse convex, imperfect curvature,
trilete, kyrtome present, commissure straight, 1-layered, psilate.
Dimensions: Equatorial diameter 25-40 µm, radius 10-20 µm long, kyrtome 2-4.5 µm
thick.
Specimens measured: 5

Genus: Thecaspora Elsik, 1966
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Type Species: Thecaspora spinosa Elsik, 1966
Thecaspora spinosa Elsik 1966, Plate 2, figures 7 and 8.
Description: Single, radial symmetry, circular, perine present, 1-layered, curvature
absent, trilete indistinct, echinate, long appendages are present.
Dimensions: Equatorial diameter 52-58 µm, sporoderm layer 2-3 µm thick, perine 10-12
µm thick, echinae 8-10 µm long, long appendage 50-65 µm long.
Specimens measured: 2

Pollen

Genus: Buttinia Boltenhagen, 1965
Type Species: Buttinia andreevi Boltenhagen, 1965
Buttinia andreevi Boltenhagen, 1965, Plate 2, figure 1
Description: Monad, radial symmetry, circular, periporate, pores circular to elliptic,
tectate, collumellae absent, exine composed by two layers, sculpture psilate.
Dimensions: Equatorial diameter 40.0-45.0 µm, nexine 3.5-4.0 µm wide, exine 0.5-0.75
µm, tectum 0.25 µm, pore 7.0-10.0 µm wide, 3.5-4.5 µm apart.
Specimens measured: 4

Genus: Clavainaperturites Van der Hammen and Wymestra, 1964
Clavainaperturites sp. A, Plate 2, figures 2, 3
Description: Monad, radial symmetry, isopolar, circular, inaperturate, intectate, sculpture
clavate, pseudo croton pattern, columella end in points past the clavae.
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Dimensions: Equatorial diameter 30.0-27.0 µm, exine 0.5-1.0 µm thick, clavae 1.0 µm
tall, columella points 0.4 µm tall.
Specimens measured: 3

Genus: Echitricolpites Da Silva Pares Regali, Uesugi and Da Silva Santos, 1974
Type Species: Echitricolpites communis Da Silva Par. Reg. et al., 1974
Echitricolpites sp. A, Plate 2, figures 5, 6
Description: Monad, radial symmetry, circular, tectate , columella indistinct, sculpture
echinate, micropitted, and scabrate, echinae distributed over the entire grain, wall bends
upward under the echinae, tips of the echinae are dense, echinae are conical in shape,
micropitted between echinae, tricolpate, colpi are simple and lined by a small row of
scabrate.
Dimensions: Equatorial diameter 62.0-67.0 µm, polar area 20.0 µm wide, tectum 0.5 µm,
nexine 0.5 µm, columella 1.0 µm, echinae 6.0-5.0 µm wide, 2.0-3.0 µm tall, 5.0-10.0 µm
apart. Colpi 18.0-20.0 µm long.
Specimens measured: 4

Genus: Echitriporites Van der Hammen ex Van Hoeken-Klinkenberg, 1964
Type Species: Echitriporites trianguliformis Van Hoeken Klinkenberg, 1964
Echitriporites trianguliformis Van Hoeken Klinkenberg, 1964. Plate 2, figure 7
Description: Monad, radial symmetry, isopolar, triangular obtuse concex, intectate, exine
thickens toward pore, triporate, annulus that is slightly protruding, sculpture echinate,
echinae cover entire grain, echinae are conical in shape.
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Dimensions: Equatorial diameter 20.0-25.0 µm, exine away from pore 0.5 µm, exine near
pore 1.0 µm, annulus 1.5 µm wide and 1.5 µm length, pores 3.0-5.0 µm wide and 3.0 µm
length, echinae 1.0-1.5 µm wide and 0.5 µm wide and 2.0-3.0 µm apart.
Specimens measured: 3

Genus: Horniella Traverse, 1955
Type Species: Horniella clavaticosta Traverse, 1955
Horniella lunarensis Jaramillo et al., 2007, Plate 2, figure 8
Description: Monad, radial symmetry, circular, tricolporate, pores lalongate, colpi, long,
straight, costae, tectate, columella visible, sculpture reticulate, heterobrochate, reticulum
smaller toward the polar region.
Dimensions: Equatorial diameter 25.0-28.0 µm, exine 0.4 µm thick, columella 0.75-1.0
µm thick, tectum 0.1 µm, costae 3.0 µm thick, pore 4.0-5.0 µm wide.
Specimens measured: 3

Genus: Inaperturopollenites Pflug and Thomson in Thomson and Pflug, 1953
Type Species: Inaperturopollenites dubius (Pot. and Ven.) ex Thomson and Pflug, 1953
Inaperturopollenites sp. A, Plate 2, figure 9, 10
Description: Monad, radial symmetry, circular, inaperturate, tectate, exine very large,
columella visible, sculpture foveolate.
Dimensions: Equatorial diameter 31.0-36.0 µm, foveolae 1.5-2.0 µm wide, exine 4.0-4.5
µm wide, tectum 1.5 µm wide, columella 1.0 µm wide at top and bottom and narrow to
0.5-0.75 µm in center, columella 1.5 µm tall and 3.0-4.0 µm apart.
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Specimens measured: 3

Genus: Longapertites Van Hoeken-Klinkenberg, 1964
Type Species: Longapertites marginatus Van Hoeken-Klinkenberg, 1964
Longapertites microfoveolatus Adegoke and Jan du Chene, 1975, Plate 3, figure 1
Description: Monad, bilateral symmetry, elliptic concave, monosulcate, laesura runs the
length of the grain, tectate, columella distinct, sculpture micropitted.
Dimensions: Width 20.0-26.0 µm, length 40.0-45.0 µm, nexine 0.5µm thick, exine 0.5
µm thick,
Specimens measured: 3

Genus: Longapertites Van Hoeken-Klinkenberg, 1964
Type Species: Longapertites marginatus Van Hoeken-Klinkenberg, 1964
Longapertites sp. A, Plate 3, figure 2, 3
Description: Monad, bilateral symmetry, elliptic obtuse, monosulcate, laesura runs the
length of the grain, semitectate, simplicolumellate, reticulate, heterobrochate, the muri
get smaller toward the ends of the grain.
Dimensions: Width 29.0-35.0 µm, length 50.0-60.0 µm, tectum 0.5-0.75 µm, exine 2.02.5 µm, columella 0.5-0.75 µm high, muri 1.0-4.0 µm.
Specimens measured: 3

Genus: Mauritiidites Van Hoeken-Klinkenberg, 1964
Type Species: Mauritiidites crassibaculatus Van Hoeken-Klinkenberg, 1964
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Mauritiidites franciscoi var. franciscoi (Van der Hammen, 1956) Van HoekenKlinkenberg, 1964, Plate 3, figure 6
Description: Monad, radial symmetry, elliptic to circular, monocolpate, simples colpi,
intectate, columella indistinct, nexine, sculpture echinate, spines taper in diameter toward
the tip of the spine, some of the echinate are rounded at top and or curve, echinae cover
the entire grain, wall bends under the base of the echinae, could be micropitted or
scabrate between the echinae.
Dimensions: Equatorial diameter 30.0-40.0 µm, exine 2.5-3.0 µm, nexine 0.5 µm,
columella 2.0-2.5 µm, echinae 2.0-6.0 µm tall, 1.5-3.0 µm in width at base and taper to
0.5-1.0 µm in width at tip.
Specimens measured: 4

Genus: Mauritiidites Van Hoeken-Klinkenberg, 1964
Type Species: Mauritiidites crassibaculatus Van Hoeken-Klinkenberg, 1964
Mauritiidites franciscoi var. minutus Van der Hammen and Garcia 1966, Plate 3, figure 7
Description: Monad, radial symmetry, elliptic to circular, monosulcate, simple colpi,
intectate, sculpture echinate, spines distributed evenly over entire grain, wall bends under
the base of the echinae.
Dimensions: Equatorial diameter 62.0-37.0 µm, exine 1.0-1.5 µm thick, echinae 1.5-2.5
µm tall, 1.5 µm at base of echinae and tapers to point, echinae are 4.5-5.0 µm apart.
Specimens measured: 3

Genus: Proxapertites Van der Hammen, 1956
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Type Species: Proxapertites operculatus Van der Hammen, 1956
Proxapertites sp. A, Plate 4, figure 1, 2
Description: Monad, bilateral symmetry, quadrangular convex, zonasulculus, semitectate,
columella visible, sculpture foveolate and fossulate.
Dimensions: Width 109.0-118.0 µm, length 130.0-138.0 µm, tectum 2.0-2.5 µm thick,
columella 1.0-1.5 µm wide and 2.0-2.5 µm high, foveolae and fossulae 2.0-8.0 µm.
Specimens measured: 3

Genus: Proxapertites Van der Hammen, 1956
Type Species: Proxapertites operculatus Van der Hammen, 1956
Proxapertites sp. B, Plate 4, figure 3, 4
Description: Monad, bilateral symmetry, elliptic, zonocolpate, semitectate, sculpture
micropitted.
Dimensions: Width 12.0-15.0 µm, length 20.0-24.0 µm, exine 0.5 µm.
Specimens measured: 2

Genus: Retidiporites Varma and Rawat, 1963
Type Species: Retidiporites bengalensis Varma and Rawat,1963
Retidiporites magdalenensis Van der Hammen and Garcia 1966, Plate 4, figure 5
Description: Monad, bilateral symmetry, isopolar, rectangular acute convex, diporate,
pores large and circular, tectate, columella distinct, sculpture reticulate.
Dimensions: Width 11.0-18.0 µm, length 20.0-30.0 µm,
Specimens measured: 2
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Genus: Syncolporites Van der Hammen, 1954
Type Species: Syncolporites lisamae Van der Hammen, 1954
Syncolporites sp. A, Plate 4, figure 9, 10
Description: Monad, radial symmetry, triangular acute convex, syncolporate, pores
annulate, margin along colpi formed by verrucae lined up along the colpi, intectate,
sculpture baculate to verrucate, verrucae are the dominate type, verrucae get smaller
away from the colpi eventually changing to baculate.
Dimensions: Equatorial diameter 21-24 µm, baculae and verrucae size 0.25-1.25 µm
wide and 0.75-1.0 µm tall, distance between baculae and verrucae ranges from 0-1.0 µm,
colpi 8.0-10.0 µm, annulus 1.75-2.0 µm.
Specimens measured: 3

Genus: Triporopollenites Pflug and Thomson in Thomson and Pflug, 1953
Type Species: Triporopollenites coryloides Pfl. In Thomson and Pflug, 1953
Triporopollenites sp. A, Plate 5, figure 1, 2
Description: Monad, no symmetry, 2 sides longer than the third, isopolar, triangular
obtuse concave, triporate, ectopore, ectopore circular, costae, costae well developed,
atectate, sculpture scabrate and psilate, apoporium is scabrate and darker in color,
mesoporium is psilate and lighter in color.
Dimensions: Equatorial diameter 44.0-48.0 µm. nexine 1.0 µm in length, costa 1.5-2.0
µm high, 3.0-3.25 µm wide, ectopore 5.5-6.0 µm wide, apoporium 20.0 µm wide,
mesoporium 15.0-18.0 µm wide.
Specimens measured: 2
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5.3. PALYNOFACIES
Forty-eight kerogen samples were analyzed for the palynofacies portion of this
study, using point count data of nine types of organic matter. Minimum variance cluster
analysis was performed on the data, resulting in the identification of three assemblages
(A, B, and C) and nine sub-assemblage (Figure 5.1 and Table 5.2). The three
assemblages were defined by variations in the percentages of comminuted phytoclasts,
structured phytoclasts, and AOM. Each assemblage has three sub-assemblages that were
delineated by the rare organic matter types (sporomorphs, freshwater algae, degraded
phytoclasts and black debris).
Phytoclasts are the common to dominant components in all three assemblages
(Figure 5.1). High percentages of structured phytoclasts and comminuted phytoclasts
characterize palynofacies assemblage A. Amorphous organic matter also varies generally
from 5-25% in this assemblage, which is restricted to the Maastrichtian section of the
Nsukka Formation. Palynofacies assemblage B is characterized by the highest
percentages of comminuted phytoclasts, degraded phytoclasts, and black debris. In
addition, this assemblage has the lowest percentages of structured phytoclasts and AOM.
Palynofacies assemblage C contains all but one sample from the Nsukka Formation. It is
characterized by slightly higher percentages of AOM than assemblage A, 20-40% of
structured phytoclasts, 3-13% of degraded phytoclasts, and 25-50% of comminuted
phytoclasts (Table 5.2.).
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Figure 5.1. Minimum variance cluster analysis of samples (left-hand dendrogram) and
dispersed organic matter (top dendrogram). SPORO=sporomorphs; MAR=marine
palynomorphs; BDB=black debris; DEG=degraded phytoclasts; FUN=fungal remains;
ALG=freshwater algae; STR=structured phytoclasts; COMM=comminuted phytoclasts;
AOM=amorphous organic matter.
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Table 5.2. Percentages of dispersed organic matter.

Component

Assemblage A

Assemblage B

1.2% to 5.7%

1% to 6.6%

1.7% to 6.2%

0.18% to 2%

0.38% to 3.5%

0% to 1.6%

0.3% to 5%

0.67% to 5.6%

0.33% to 4.6%

0% to 1.3%

0% to 1.3%

0% to 0.9%

Structured
phytoclasts

27.9% to 58.1%

10.3% to 28.1%

21.7% to 41.4%

Comminuted
phytoclasts

28.2% to 50.2%

32.5% to 56.7%

24.8% to 50%

Degraded
phytoclasts

0.3% to 7.1%

5.3% to 27.9%

3.8% to 12.9%

0% to 5.1%

1.3% to 11.6%

0.38% to 5.9%

5.6% to 27.2%

0.8% to 24.8%

10% to 25.7%

Spores and pollen
Fungal remains
Marine
palynomorphs
Freshwater algae

Black debris
AOM

Assemblage C

5.4. STRATIGRAPHIC DISTRIBUTION OF POLLEN AND SPORES
The stratigraphic distribution of selected important/abundant taxa is shown in
Figure 5.2. The characteristic Paleogene taxa identified are Echitriporites
trianguliformis, Mauritiidites crassibaculatus, Mauritiidites franciscoi var. franciscoi,
Mauritiidites franciscoi var. minutus, Ericipites sp. 2, and Retidiporites magdalenensis.
Typical Late Cretaceous taxa are Perinomonoletes sp. 1, Echitriletes sp. A,
Balmeisporites minutus, Buttinia andreevi, and Thecaspora spinosa.
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Figure 5.2. Alo-1 distribution chart. Dashed lines shows the interval where the K/Pg
boundary is located.
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6. DISCUSSION

6.1. BIOSTRATIGRAPHY
In this study, palynomorphs were successfully used to identify the depth interval
(1207 m – 1311m) where the Cretaceous/Paleogene boundary is located (see Figure 5.2).
Germeraad et al. (1968) identified two zones that define in the K/Pg boundary interval,
namely Proteacidites dehaani Zone and Retidiporites magdalenensis Zone. These two
zones have been identified in this study (see Figure 3.1).

Proteacidites dehaani Zone
Definition: The bottom of this zone is not defined in this study. The LADs of Buttinia
andreevi and Proteacidites dehaani define its top; however, only Buttinia andreevi was
identified in this study.
Characteristics: The characteristic taxa in this study are Buttinia andreevi, Thecapora
spinosa, Balmeisporites minutus, Echitriletes sp. A, Auriculiidites sp. 1, Auriculiidites sp.
2, and Perinomonoletes sp. 1.
Age: Cretaceous (Maastrichtian)
Comments: All the above do not cross the Cretaceous/Paleogene boundary. This helps to
identify the zone along with the LAD of Buttinia andreevi (Germeraad et al., 1968;
Salard-Cheboldaeff, 1990).
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Retidiporites magdalenensis Zone
Definition: The top of this zone is defined by the FAD’s of Retibrevitricolpites
triangulatus, Striatricolpites catatumbus, and Psilatricolporites crassus. The bottom of
this zone is defined but the LAD of Buttinia andreevi and Proteacidites dehaani.
Characteristics: In this study the zone is characterized by the consistent presence of
Retidiporites magdalenensis, Echitriporites trianguliformis, Horniella lunarensis,
Mauritiidites crassibaculatus, Mauritiidites franciscoi var. franciscoi, Mauritiidites
franciscoi var. minutus, Polypodiisporites sp. 1, Polypodiisporites sp. 2,
Polypodiisporites sp. 3, and Polypodiisporites sp. 4.
Age: Paleogene (Paleocene)
Comments: With the exception of Retidiporites magdalenensis and Echitriporites
trianguliformis, the taxa listed above do not cross the boundary into the Cretaceous. The
taxa that define the top of this zone were not identified in this study. Antolinez (2006)
was unable to identify the Paleocene/Eocene boundary in the ALO-1 well from dinocyst
data, and suspected that Eocene sediments were absent in the well. He confirmed a
Paleocene age for the upper 800 m of the well, which fall within the Retidiporites
magdalenensis Zone. Thus, pollen and spore data confirms that the Paleocene/Eocene
boundary is not preserved.
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6.2. PALYNOFACIES
The Nsukka Formation has been interpreted as fluvio-deltaic, and the Imo
Formation apparently comprises shallow marine shelf sediments (Reijers et al., 1997).
Palynofacies analysis shows that terrestrial components (mainly phytoclasts) dominate
the organic matter in the Alo-1 well sediments. There are likely two factors that
influenced the deposition in the Anambra Basin during the Cretaceous and Paleocene,
namely the shape of the basin (wedge shaped) and two drift cells (SE-NW and SW-NE
directions) within the Proto-Atlantic. The shape of the basin and the converging flows
from the drift cells directed the waves from tides and storms toward the delta, making it a
tide-dominated delta that had a large freshwater run-off component. This accounts for the
high proportions of terrestrial components in the marine depositional environments
(Reijers et al., 1997). Marine components, namely dinoflagellate cysts, acritarchs and
AOM are present in the sediments, but the overwhelming numbers of phytoclasts
partially cover them on the kerogen slides. Thus, it can be inferred that both of these
formations were deposited in transitional to shallow marine depositional environments.

6.3. PRELIMINARY ASSESSMENT OF FLORAL CHANGES
Preliminary analysis indicates an increase of approximately 50% in floral
diversity in the Paleogene. This assessment conflicts with accepted knowledge about
diversity changes across the K/Pg boundary (decrease in diversity due to the mass
extinction event). This increase in floral diversity in the Alo-1 well could be attributed to
local environment conditions, preservation potential, and/or thermal maturity. Local
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environmental conditions in the adjacent landmass could have influenced plant diversity
and ultimately the palynomorphs transported into the depositional basin. As sediments
mature with burial and time, the preserved organic components become darker. The
spores and pollen identified in the Paleocene interval in the well are well preserved with
tan coloring, but in the Masstrichtian samples, the preservation quality decreases,
specimens are dark brown, and black debris/opaques are more abundant. These changes
could be indicative of an increased level of maturation, which likely account for the
decreased in diversity. More detailed studies can yield additional information to better
understand the diversity record in the study area.
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7. CONCLUSIONS

Palynological analyses of the Nsukka and Imo formations in the Alo-1 well can
be summarized as follow:
(1) Forty-five spore and one hundred and sixty-one pollen taxa have been
identified. Palynomorph preservation is generally good, although specimens in samples
from the lower part of the well show higher levels of degradation and are also fewer.
(2) The spore and pollen assemblage was used to identify two palynological
zones, namely Proteacidites dehaani Zone and Retidiporites magdalenensis Zone
(Germeraad et al., 1968). The LAD of Buttinia andreevi located the Cretaceous/
Paleogene boundary within an interval of 1207m – 1311 m depth. Species of
Mauritiidites and other typical Paleocene taxa appeared above this depth.
(3) Three palynofacies assemblages were defined by changes in the relative
abundances of communited phytoclasts, structured phytoclasts and amorphous organic
matter. The marine components in the sediments were overwhelmed by the terrestrial
components that were deposited in the basin due to the basin’s shape and current
circulation within the Proto-Atlantic.
(4) An apparent 50% increase in floral diversity, during the Early Paleocene could
be due to local environmental conditions in the adjacent landmass, preservation potential,
and/or high thermal maturity during the Maastrichtian. This is in contrast to other studies
in the tropics that indicate a decrease in diversity across the K/Pg boundary. Additional
research in this area should yield a better understanding of the diversity changes in the
Alo-1 well.
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PLATES
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PLATE 1
Figure 1. Balmeisporites minutus, R-1134-42, 3SR
Figure 2. Camarozonosporites sp. A, R-1134-12, 5KJ
Figure 3. Camarozonosporites sp. A, R-1134-12, 5KJ
Figure 4. Echitriletes sp. A, R-1134-34, 9UT
Figure 5. Echitriletes sp. A, R-1134-34, 9UT
Figure 6. Laevigatosporites sp. 1, R-1134-20, 21ML
Figure 7. Leiotriletes sp. 1, R-1134-19, 34UT
Figure 8. Matonisporites sp. 2, R-1134-11, 1LK
Figure 9. Psilatriletes sp. 1, B-12274, 31ML
Figure 10. Thecapora spinosa, R-1134-34, 21RQ
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PLATE 2
Figure 1. Buttinia andreevi, R-1134-26, 36WV
Figure 2. Clavainaperturites sp. A, B-12277, 21RQ
Figure 3. Clavainaperturites sp. A, B-12277, 21RQ
Figure 4. Crototricolpites protoannemariae, B-11288, 31UT
Figure 5. Echitricolpites sp. A, R-1134-11, 1LK
Figure 6. Echitricolpites sp. A, R-1134-11, 1LK
Figure 7. Echitriporites trianguliformis, R-1134-18, 3NM
Figure 8. Horniella lunarensis, R-1134-14, 29UT
Figure 9. Inaperturopollenites sp. A, R-1134-7, 9LK
Figure 10. Inaperturopollenites sp. A, R-1134-7, 9LK
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PLATE 3

Figure 1. Longapertites microfoveolatus, R-1134-16, 4RQ
Figure 2. Longapertites sp. A, R-1134-16, 7PN
Figure 3. Longapertites sp. A, R-1134-16, 7PN
Figure 4. Longapertites vaneendenburgi, R-1134-11, 11UT
Figure 5. Mauritiidites crassibaculatus, R-1134-19, 32LK
Figure 6. Mauritiidites franciscoi var. franciscoi, R-1134-11, 1SR
Figure 7. Mauritiidites franciscoi var. minutes, R-1134-10, 6FE
Figure 8. Monoporopollenites annulatus, R-1134-18, 1SR
Figure 9. Periretisyncolpites magnosagenatus, R-1134-14, 13VU
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PLATE 4

Figure 1. Proxapertites sp. A, R-1134-19, 21TS
Figure 2. Proxapertites sp. A, R-1134-19, 21TS
Figure 3. Proxapertites sp. B, R-1134-18, 20SR
Figure 4. Proxapertites sp. B, R-1134-18, 20SR
Figure 5. Retidiporites magdalenensis, R-1134-15, 16TS
Figure 6. Retimonocolpites nigeriensis, R-1134-20, 6JH
Figure 7. Spinizonocolpites cf. breviechinatus, R-1134-20, 14FE
Figure 8. Spinizonocolpites baculatus, R-1134-20, 19UT
Figure 9. Syncolporites sp. A, B-11289, 1GF
Figure 10. Syncolporites sp. A, B-11289, 1GF
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PLATE 5

Figure 1. Triporopollenites sp. A, R-1134-20, 7HG
Figure 2. Triporopollenites sp. A, R-1134-20, 7HG
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APPENDIX B
QUANTITATIVE POLLEN AND SPORE DATA
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APPENDIX C
PALYNOMORPHS PRESENT BUT NOT COUNTED
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Spores
Baculatisporites sp.1
Pollen
Clavatricolpites sp. 1
Clavatriporites sp. 1
Crototricolpites sp. 2
Duplotriporites sp. 1
Echimonocolpites sp. 1
Echimonoporites sp. 1
Echiperiporites sp. 1
Echiperiporites sp. 3
Echitricolpites sp. 3
Matonisporites sp. 1
Mauritiidites sp. 1
Monoporopollenites sp. 1
Periporites sp. 1
Planotricolporate sp. 1
Proxapertites sp. 4
Proxapertites sp. 7
Proxapertites sp. 8
Proxapertites? sp. 9
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